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Chemical Kinetics of the Aging of Estane 5703 in the Plastic Bonded 
Explosive PBX 9501 

Russell T Pack and Michael R. Salazar 

Theoretical Division (T-12, MS B268), Los Alamos National Laboratory, Los Alamos, 
New Mexico, 87545 

ABSTRACT: This talk will review our progress in studying the chemical kinetics of 
the aging ofEstane 5703 in PBX 9501. A brief motivation and review of earlier work 
will be given first. Then, progress made during the past year will be summarized, 
current conclusions will be given, and plans for future work will be given. 
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The top half of each page is the slide that will be shown. 
The lower half contains notes and comments that will be 
made. 

This talk is to be given at the Energetic Materials Review at 
LANL, Aug 6-9,2001 

We are studying the chemical kinetics of the aging of Estane 
5703 in PBX 9501. 
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This is a collaborative effort involving many people. These 
people are doing a great job and giving us a lot of help. 
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Motivation 

- 

@ 5703 is used in m X  9501 which'is' 
used extensively in the stockpile 
The Estane is slowly degrading. 
The mechanical properties o 

This slide will be read without further comment. 



Robust model of the chemical kinetics of 

Estane aging y condition 
t3 long times 
Accurate connections of the chemical and 
mechanical properties. 
Reliable prediction 

The accurate connections of the chemical and mechanical 
properties have not yet been made. When they are, then 
reliable predictions of the service lifetime of PBX 9501 under 
various conditions can be made. 
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This vugraph will simply be read to tell what the major 
points I plan to make are. 
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Will be read with little comment. 
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Well known facts about Estane. This slide will be used to 
note that hydrolysis attacks come at the ester links in the soft 
segment, and free radical attacks are thought to come at 
several points in the hard segments. 



Which Mechanism 

rree-raaicai oxiaativc 
degradation of 
urethane segments 
Crosslinking, scission, 
radiolysis, or thermal 
depradatio 

nyaroiysis or tne ester 
links in the sof 
segments 

This vugraph will be read, and it will then be noted that one 
can make artificial aging conditions where any of several 
reactions dominate. The objective here is to determine 
which dominates in the mild conditions of storage in 
weapons. We now understand hydrolysis quite well but are 
just beginning to study free radical reaction reactions. 
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Th Illat 

simply slowly declines in weapons storage. 
Hydrolysis of ester links dominates the M W  loss 
for aging in air at ambient humidities. 
The Irganox is preventing runaway frtc-radical 
reactions in stockpile storage so fa 

This vugraph will simply be read quickly to remind the 
audience of things that past work has established. 
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IPC is best evidence of aging inside we 

pC1 lihrary and 622-7 data to determine. 
en, we obtained error Dars 011 surveillax 

GPC is gel permeation chromatography. 
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From this vugraph, one sees that there is tremendous scatter 
in the GPC data from surveillance samples. Can we do 
anything to reduce that scatter or to put reasonable error bars 
on it? We use other data to determine the instrumental 
contribution to the scatter. Then the remainder will be real 
differences between samples. 
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These are results on one old lot of PBX 9501, called 622-7, 
that has been stored in a magazine at PX for 27 years. It is 
used as a standard to check the instrument whenever any 
other samples are to be run. The one sure thing about this 
curve is that it should be smooth. Mostly read what is on 
slide. 
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Librar 

Library samples of PBX 9501. Just read what is on vugraph. 
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imbined Abraq 

lata h-01 - 
ewer 
istruments fall 

on one curve. 
Waters 200 are 

yrstematicallv 
tllghe 
Scale me wL00 

~~ 

Just read what is on vugraph. 
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Error bars are one o 

Wl l -5 1 --1100. 
most is l o n y  t;m- 

variation. 

and Librarv. 

Note that scale has now changed because variations are 
much smaller. 
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Sameprocedure 
but outliers kept. 

- Error bars are one 
(r = 10200 D. . Scatter and size 
of later data 
unexplained. 
99% should lie 

This is now more restrictive than it was but still not totally 
understood. However, we do now have error bars. 
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The upper line here is our best estimate of the behavior 
expected when PBX made with new Estane is stored in a 
W76. I showed it last year. Note that the leakage of the water 
out of the PBX cancels much of the autocatalytic behavior, 
so that this curve runs about half way between the curves on 
the preceding slide. 
During this year, Deanne Idar , et a1 have been working to 
write new specifications on the Estane used to make PBX 
9501 for weapons use. For that, I have made calculations 
assuming that the PBX used has either aged for a time or 
used Estane that has aged for a time before going into 
storage in a weapon. The same model is used as for the 
upper line. Because it makes a significant difference in the 
relaxation time of the molecular weight, we believe that MW 
standards for the Estane should be in the specifications. 
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Data to date shows little trend. 
Still in asvmntotic repime' 

This vugraph will simply be read. 
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Ouaalltatic Compression 
of Baaaika and Eatane-Ag 
crosshead speed = In m/mm 

Max. stress of ne 

room T. (Idar, et al, 
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This will be used to illustrate the ideas on the previous slides 
R "  
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Ver . 
Postulate: Data to date is still in 
asymptotic regime 
Further exPeriments are beinp Planned. 

This vugraph will simply be read. 
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;ro$ ihng and SC~SSI n. 
ear evidence of crosslinking has been seen in 

~ _ _  __ some aged Estane samples, but it is often masked 
~ by hydrolysis. 
= __ __ __ __ __ __ __ The current constituent aging study at PX (dry) is 

~ __ 
__ 
~~ 

- 
__ __ __ = __ =helping identify the reactions involved, and we are 
__ ___beginning ~ _ _  to study them. 
P 

~ __ __ __ __ __ __ __ __ __ __ - 
The nitroplasticizer (NP) apppgrs to be the culprit 
wTn uld N,O are produced 

Information about fiee radical reactions is beginning to come 
in and be studied. This vugraph will mostly be read. Much 
work remains to be done here. 
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This shows what has been learned so far 
from the component aging study 
underway at PX. 
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Some possible free radical reactions of 
compounds similar to our 
nitroplas ticizer. 
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1 studi 
iinitropropyl) c+mate 

the thermal decomposition of b 

bonate . 

More free-radical reactions of 
compounds similar to NP. 
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onclusions 

This vugraph will simply be read. 
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